Introduction
In a recent paper by Hua and Sarkar [3] , the subspace decomposition and matrix pencil (SDMP) method was developed for estimating temporal and spatial parameters of multiple transient signals arriving at a uniform linear array. Each transient is modeled as the sum of complex exponentials. The temporal parameters are frequencies, damping factors and residues of each transient. The spatial parameters are the angles of arrival of multiple transient waves. The SDMP method is based on an eigen-decomposition of a generalized data matrix which is formed by stacking a sequence of submatrices of array outputs. The eigen-decomposition is then used via matrix pencil to yield the desired parameters. The SDMP method was shown via simulation to have a near-optimum accuracy. In this paper, we present a first-order perturbation analysis of this method. Results of this analysis support several observations reported in [3] .
The approach of our analysis follows that shown in [-1,2] , where several basic perturbation properties of matrix pencil are provided. We note that there are indeed many approaches available for statistical analysis of array processing algorithms, see e.g. [4] [5] [6] [7] . But due to the unique structure inherent in the signal model and the SDMP method, there is no other approach as efficient as that in [1, 2] .
Section 2 summarizes the SDMP method developed in [3] for easy reference. The notations used are consistent with those in [3] . Section 3 outlines the first-order analysis of the SDMP method and provides expressions for the first-order perturbations in the estimated parameters: damping factors, frequencies and time delays (due to angle of arrival). Section 3 provides a few numerical examples which show some insights into the SDMP method.
Summary of the SDMP method
Given the array outputs Yk.h for k --0, 1 ..... K -1 and h = 0, 1 ..... H -1, where K is the number of snapshots and H the number of sensors, the SDMP algorithm (for details see [3] ) is as follows.
-Choose 2-D moving window sizes M and N. These two integers should satisfy K -P >/M ~> P and H -P ~> N ~> P, where P is the sum of number of poles (or exponentials) in each impinging transient wave. 
Statistical analysis
Our focus here is to evaluate the first-order perturbations in the estimated damping factors, frequencies and time delays. It is clear that a first-order perturbation analysis is to yield the following: 50 = wTc, (1) where 50 is the perturbation in an estimated parameter 0, w is the noise vector (which is real in this paper) and c is the sensitivity coefficient vector. The objective of the following discussion is to find c.
It is shown in [2] that 'the SVD truncation' does not change the first-order perturbation. Using this observation, we can show that, to the first-order approximation, computing the generalized eigenvalues of Vb-z V~ and Vd-y V~ as required in the SDMP method is equivalent to computing the generalized eigenvalues of Yb--zYa and Yd--YYc, respectively, where Ya = Y without its (M + 1)th, Following the approach in El], we can show that the first-order perturbations in the generalized eigenvalues of Yb --zYa and Yd --,qYc are, respectively,
where 6 
These two equations simplify the denominators of (2) and (3). The numerators of (2) and (3) can be treated as follows. Based on the structures of 6Ya, 6Yb, 6Yc and 8Yd, we can show that
~Ya -9~,~Yc = 6Y(Pa -9pPc),
where 6Y is the additive noise matrix, i.e. 
where p~, v is the jth element of pp.
Signal Processing
Combining (2)- (8) Provided that the noise vector w is real-valued, from (11)- (13), we can easily find c~. p, c~. p and c~. p so that
With (14)- (16), the variance of the first-order perturbations can be obtained for any noise covariance matrix. But for a simple discussion, we assume in the next section that the noise is white, i.e. the noise covariance matrix is a diagonal matrix with the diagonal elements equal to a 2.
Numerical results
To show a few numerical examples and verify the theoretical result obtained in the previous section, we assume a uniform linear array of 10 sensors (H = 10) on which there are two arriving transient waves (I = 2). For a time interval of 25 snapshots (K = 25), the sampled array outputs can be expressed as 
SNR= 1010glo\
KHtr 2 j.
Conclusions
We have presented a sensitivity analysis of the SDMP method for multiple transient waves. This analysis has led to the closed forms of the first-order perturbations in the estimated parameters: damping factors, frequencies and time delays. The theoretical results have also been verified via simulation. The near-optimum performance of, as well as some insights into, the SDMP method has now been supported by both analysis and simulation.
